, and 12-months post-intervention assessed visit history (3 or more visits over 12 months; primary outcome), and sociodemographic, network, social-psychological, and behavioral factors. At baseline, there were no differences in age (M = 23.8 years), time since diagnosis (M ≤ 2 years), clinic visits in the previous 12 months (M = 4.1), and medication adherence (68.6 ≥ 90% adherence). In multivariate logistic regression analysis, intervention participants were 3.01 times more likely to have had at least 3 provider visits (95% CI 1.0-7.3) than were control participants over 12 months. Project nGage demonstrates preliminary efficacy in improving retention in care among YBMSM. Results suggest that engaging supportive network members may improve key HIV care continuum outcomes.
Introduction
The HIV care continuum includes a range of important activities necessary to limit onward transmission and promote longevity among people living with HIV, i.e., HIV testing and diagnosis, linkage to care, retention in care, antiretroviral (ARV) treatment and adherence, and virologic suppression [1, 2] . In the United States, younger Black men who have sex with men (YBMSM) experience poorer outcomes than their peers along the entire HIV care continuum [3] [4] [5] [6] . Retention in care, typically defined as seeing an HIV healthcare provider every 3-4 months, is an especially important target for improvement, as optimal retention in care is associated with better ARV adherence, virologic suppression, and reduced mortality [7] . Furthermore, maximizing retention Abstract HIV-positive young black MSM (YBMSM) experience poor outcomes along the HIV care continuum, yet few interventions have been developed expressly for YBMSM retention in care. Project nGage was a randomized controlled trial conducted across five Chicago clinics with 98 HIV-positive YBMSM aged 16-29 between 2012 and 2015. The intervention used a social network elicitation approach with index YBMSM (n = 45) to identify and recruit a support confidant (SC) to the study. Each index-SC dyad met with a social worker to improve HIV-care knowledge, activate dyadic social support, and develop a retention in care plan. Each index and SC also received four mini-booster sessions. Control participants (n = 53) received treatment as usual. Surveys and medical records at baseline, in care can have ancillary benefits by connecting people to other services, such as mental health care, substance use treatment, housing support, and sexual risk reduction, all of which may limit onward transmission and support people living with HIV to lead healthy and fulfilling lives [8] [9] [10] . Despite this, few retention in care interventions have been developed expressly for YBMSM aged 16-29 years old, the group most impacted by HIV [11] .
The current study presents efficacy data from a pilot randomized controlled trial (RCT) of Project nGage, a social network support intervention designed to improve retention in care among YBMSM who have been successfully linked to HIV care [12] . The intervention is novel relative to extant approaches in that it identifies, activates, and harnesses a naturally existing supportive relationship in the lives of HIVpositive YBMSM as a means to improve retention in care. In contrast, current approaches often connect people living with HIV to an exogenous source of social support, such as intensive case management [13] [14] [15] , peer support groups [16] , peer health navigators [17] , and multimodal peer outreach [18, 19] . Although effective, these programs require significant human resource costs and may not be sustainable in all funding climates. For Project nGage, we used a flexible approach that selects supportive network members based on their supportive role [20, 21] , e.g., emotional support, as opposed to their relationship status, e.g., mother, partner, or case manager. This approach is particularly important when working with people living with HIV and with lesbian, gay, bisexual, transgender, and queer communities, as the support available within their social networks is affected by knowledge of and responses to one's sexual orientation and serostatus. As such, people who serve a supportive function are likely important not only for retention in care, but also for sustained health, risk reduction behavior maintenance, and ARV adherence [22] [23] [24] .
The philosophical underpinnings for Project nGage are that social networks and social support are critical for improving and maintaining people's health and well-being. Social network oriented interventions have been effective for preventing HIV-related risk behaviors [25, 26] , and for increasing HIV counseling and testing and the likelihood of identifying newly infected cases [27] . In addition, studies indicate that social support is associated with better outcomes in the HIV Continuum of Care [28, 29] . Indeed, in a diverse sample of people living with HIV, Catz et al. found that social support was the only psychosocial factor associated with non-attendance in HIV care, and was a stronger correlate of retention in care than were medical and clinical factors, such as physician consistency and CD-4 count [30] . Despite robust research on the important role of social networks and social support for people living with HIV, few social network support interventions have been developed to improve retention in HIV care for YBMSM living with HIV.
Consequently, the primary aim of this pilot RCT was to test the efficacy of a brief, theory-based intervention designed to improve retention in care (primary outcome) and ARV adherence and viral load (secondary outcomes) among YBMSM living with HIV. Based on prior research on barriers to engaging in the HIV care continuum, we controlled for social network size, family social support, self-efficacy, HIV stigma, and criminal justice involvement when examining intervention effects [31] [32] [33] .
Methods

Recruitment
Participants were recruited from five federally qualified health centers (FQHCs) using flyers and face-to-face recruitment. Index participants were eligible if they: (1) identified as Black/African American, (2) were aged 16-29 years old, inclusive, (3) were assigned male sex at birth, (4) selfreported anal or oral sex with a cisgender male in the past 2 years, (5) spoke English, and (6) had been diagnosed with HIV for more than 3 months. In addition, participants had to own a cell phone not shared with other persons, agree to receive text messages, and have at least one person in their social network who knew of their HIV diagnosis. YBMSM were excluded if they were unable to provide assent/consent or planned to move out of the study area in the next 12 months. In total, 161 prospective participants were screened for eligibility. Of these, 55 were not eligible or declined to participate (see Fig. 1 for consort diagram).
Eligible adults provided written consent and eligible minors provided written assent. In total, 106 HIV-positive young Black MSM and transgender women age 16-29 were consented into the study and randomized to an experimental (n = 52) or a control arm (n = 54) consisting of treatment as usual (TAU), e.g., standard HIV primary care in each clinical site. The present efficacy analysis includes data on N = 98 participants, as six participants withdrew from the study and too few trans women were enrolled (n = 2) to conduct meaningful subgroup analysis (see Fig. 1 ).
Index participants were scheduled for a baseline visit within 30 days of being consented into the study. At the baseline visit, participants randomized to the experimental arm met with a social work interventionist (SWI), who conducted a social network diagram (sociogram) activity using pen and paper-a technique recommended for engaging participants, generating rich data, and being a feasible strategy in low resource settings [34, 35] . The SWI started by using a confidant name generator, asking each participant to "Please identify people in your life with whom you share personal information with and can count on in a time of need. When we say personal information, we mean private things about yourself that you might not tell everyone." Following this, the SWI elicited the names, nicknames, or initials of up to ten network members and wrote each identified member in one of ten empty cells of a table. The first five of these individuals were then populated into a sociogram. Once the network was populated and visualized, the SWI asked a series of questions about each network member to systematically assess demographics (e.g., age, gender identity, sexual orientation), relationship to index (e.g., family, friend, romantic partner), knowledge of sexual orientation and HIV serostatus, emotional characteristics of the indexalter relationship (e.g., had the identified network member betrayed the index's trust in the previous 6 months; did the index anticipate that the person would be available and supportive of them in the next 12 months), and indicators of stability and availability (e.g., frequency of moving, substance abuse problems, changing telephone numbers, and incarceration). Based on these measures, the SWI used an algorithm to determine the optimal network member to be an SC. Finally, the SWI utilized a network matrix to elicit information on how each alter (network member) was connected to other network members, which enabled the SWI to determine how knowledge of sexual orientation of HIV serostatus was distributed across network members.
Using the information gathered from these tools, the SWI presented the index with the populated tables of their social network and the algorithm selection and discussed which alter would be the best SC. This conversation was guided by shared decision-making around the ideal SC as a network member who knew the index's sexual orientation and serostatus, had not betrayed the index, and would not disclose the index's serostatus and sexual orientation to others. In instances where there was disagreement on which SC should be selected, the SWI explained the rationale for their decision for SC selection but let the YBMSM select their SC of choice. Prior to finalizing the SC selection, the SWI utilized an abuse screener to ensure there was no evidence of physical, emotional, or sexual abuse between the index and SC. The data on network members and the SC selection process was later entered into RedCap, a secure web-based application used for data collection (secure web-based application [36] ). Once identified, the index contacted the SC to invite them to join the study and a dyadic appointment was made to screen and consent the SC and to complete the baseline survey and first intervention session. SCs were eligible to participate if they: (1) were aged 18 or over; (2) spoke English; (3) owned a cell phone not shared with other persons; (4) were identified by the index as a candidate SC; and (5) were willing to attend a face-to-face intervention and to receive telephonic booster sessions. SC participants were excluded if they were unable to provide informed consent. In addition, study consent/assent forms stated that screening for dyadic abuse would occur at all study visits and that a positive screen for either person would result in study withdrawal, psychosocial evaluation, referral to supportive services, or other action as was legally and ethically appropriate.
Project nGage Intervention
Project nGage is a client-centered intervention consisting of a 90-min session that included an individual SC and a dyadic SC-index component. During this time, the SC and SC-index dyad met with the SWI to discuss the importance of HIV primary care and the critical role that social support plays for people living with HIV, and to problem-solve barriers to social support and engaging in HIV primary care. The intervention, which was based on information-motivation-behavioral skills theory [37, 38] and incorporated strategies from motivational interviewing (MI) [39] and cognitive behavioral therapy (CBT) [40, 41] , has been described in detail elsewhere [12] . We briefly review key components here.
At the beginning of the session, the SWI met for approximately 20 min with the SC-index dyad to discuss the importance of HIV primary care and social support for people living with HIV. After delivering this content, the SWI led a client-centered conversation on the nature of social support in the context of each SC-index relationship. Following this component, the index YBMSM left to receive TAU at the clinic while the SWI met with the SC alone for approximately 40 min. This component included content on HIV/ AIDS, the importance of HIV primary care for people living with HIV, common barriers to retention in HIV care and ARV adherence [42] , and a client-centered conversation where the SWI and SC worked together to identify and problem-solve potential barriers to providing social support to the index YBMSM.
After the individual session, the SWI then met with the SC-index dyad for a final 20 min to develop a tailored "care and support plan" [40, 41] that first elicited barriers to retention in care and ARV adherence for each index YBMSM and then identified and selected the best solutions for each barrier. As part of this process, the SWI engaged each dyad in a collaborative problem-solving process designed to activate social support and develop their individual and collective self-efficacy and behavioral skills.
Following the face-to-face intervention, the SWI delivered four telephonic booster sessions to the index, scheduled at 2, 5, 8, and 11 months after baseline. The boosters focused on implementing the "care and support plan" and the emotional quality of the SC-index relationship. Selected SCs received the same boosters, along with a supplemental refresher on potential means of support following the intervention.
If a member of the dyad was struggling with any aspect of the care and support plan, the SWI problem-solved with them to identify and enact appropriate corrective strategies. In completing the booster calls, the study team attempted calls from 2 weeks prior to the scheduled booster date and until 2 weeks after the scheduled booster date. When phone contact was not possible, project staff utilized text messaging, email, and Facebook messages (with index consent).
In addition, project staff also assessed each member of the dyad for relationship strain or abuse during the booster calls. Prior to this assessment, each index and SC was asked to generally describe how their relationship was going, including how often they were in contact and the types of contact they had with each other (e.g., in person, via telephone or text), what types of social activities they had engaged in together, etc. This information was then entered into a project database.
Overall, there was a 73.7% success rate for booster calls with index YBMSM and a 57.6% success rate with selected SCs. Frequent changes in cell phone numbers or discontinuation were a major factor in missed boosters for both index and SC clients. For more than half of the sample, cell phones were either disconnected or phone numbers were changed over the year-up to six times for some participants. Despite this, most lines of communication were eventually reestablished.
Data Collection
All YBMSM completed the sociogram activity, as described above, which elicited the relational and functional characteristics of their social network. In addition, all index YBMSM completed an interviewer-administered close-ended survey at baseline, 3 and 12 months post-intervention. All survey data was collected via RedCap, a secure online survey software [36] . All data collection staff were trained on survey administration from the University of Chicago Survey Lab, and each survey took approximately 40 min to complete. In addition, all index YBMSM completed a release of information form that gave the study team permission to access clinical information on HIV clinic appointment attendance, viral load, and other clinical care variables.
Measures
Retention in Care
Retention in HIV care was our primary outcome measure. Based on routine care where clients are seen by an HIV prescriber every 3 months, we defined retention in care as having at least three HIV primary care visits in the previous 12 months. Many retention in care measures exist [43] . The 12-month study period precluded use of other commonly used definitions, including those used by the Health Resources and Services Administration, which require 24 months of follow-up. Clinical visit history was abstracted from medical records.
Other HIV Care Measures
We also measured ARV medication adherence and HIV viral load as secondary outcome measures. Medication adherence was measured based on a visual analog scale which assessed adherence for medications taken in the previous 30 days from 0 to 100% [44] . Self-reported measures of adherence have been found to correlate with viral load [45] , and we used 90% adherence as the cut-off for optimal adherence [46] . Viral load was abstracted from medical records, measured in RNA copies per milliliter, with ≤ 500 copies per mL defined as viral suppression.
Intervention Condition
Randomization to experimental and TAU arms were coded as one and zero, respectively.
Social Network
Average network size (degree), and proportion of network members with characteristics likely to impact retention were included from the sociogram [47, 48] . These factors included disclosure of HIV status to network members, incarceration of network members, substance use by network members, and betrayal of trust by network members.
Social-Psychological Factors
Index participants answered additional questions on satisfaction with family social support, self-efficacy to engage in care [49] , HIV stigma [50] , criminal justice involvement (0 = no, 1 = yes) and mental health (e.g., Brief Symptom Inventory [51] ).
Behavioral Factors
Index participants reported if they had ever used marijuana [52] and engaged in condomless anal sex with a male partner of unknown HIV status in the past 6 months [53] .
Socio-demographic Factors
Index participants reported their age, highest level of educational attainment, and employment.
Statistical Analyses
The study evaluated intervention effects in retention of HIV care over 12 months using an intention to treat approach. Chi square or Fisher's exact test and independent sample T test or Mann-Whitney test were used for group comparisons in demographic, clinical, network, and social-psychological variables. Univariate logistic regressions examined potential factors associated with the primary outcome of retention in HIV care, i.e., having at least three HIV primary care visits in the prior 12 months. The final multivariable model included all variables that were significant at p < 0.10 in the univariate analysis. Univariate modeling and multivariable analysis (MVA) for repeated measurement of medication adherence and viral load (secondary outcomes) was performed using generalized estimation equations (GEE) with an AR [1] correlation structure to identify demographic and variables of interest associated with changes in medication adherence over time and to compare between different time points within each group and different groups at each time point. The GEE models incorporated baseline (pre-adherence rate) as a covariate. Statistical analyses were performed using STATA/SE software version 13 (StataCorp LP, Texas), and statistical significance was set at p < 0.05 for all multivariate analyses.
Results
Baseline demographic, clinical, network, and behavioral characteristics of index participants as a function of intervention condition are presented in Table 1 . At baseline, there were no differences in mean age (M = 23.8 years), time since HIV diagnosis (M ≤ 2 years), the number of HIV primary care in the previous 12 months (M = 4.1), and selfreported ARV adherence (68.6 ≥ 90% adherence). However, a significantly greater percentage of intervention condition participants reported substance abuse by one or more social network members than did participants in the control condition (22.6% vs. 44.2%, p = 0.05). Of the 98 index participants who completed the baseline, 94% were successfully interviewed at the 12-month follow-up. There were no significant differences in attrition by study condition and attrition was not associated with any baseline characteristics. Table 2 presents descriptive characteristics of all enrolled SCs (n = 45). The majority were friends (n = 22), followed by mothers (n = 6) and female relatives (n = 7), with a mean age of 30.8 years. Overall, 55.6% of SCs identified as gay or bisexual, and reported low levels of substance use (n = 4) and criminal justice involvement (n = 2).
SC engagement by YBMSM included a range of different network members in Project nGage. Six of the participants chose their mother to be their SC and about half of these index YBMSM also lived with their mothers. SC mothers tended to be the most responsive to booster calls, with a successful completion rate of 74.3%. In booster sessions, SC mothers described feeling very busy as they worked full-time, took care of grandchildren and aging parents, and managed their own health issues. Conflict within each dyad remained minimal, although a few index YBMSM portrayed their mothers as too involved or "over supportive." Though index YBMSM seemed to rely heavily on SC mothers for both emotional and instrumental support, many of the SC mothers described feeling grateful for the opportunity to be involved with the project and to work on their relationship with their child.
Other index YBMSM chose their sisters (n = 7) or female cousin (n = 1) to be their SC. There was a 55% completion rate for boosters with these female relatives and the study team experienced several challenges with engaging this group. Five of these SC relatives had their phones disconnected or their numbers changed at least once, which was difficult when attempting to complete subsequent booster calls. Two SC relatives moved to another state. In addition, five of the SC relatives had young children or became pregnant during the study, which may have limited their time to be involved with the project. Despite these difficulties in reaching SCs, the index YBMSM and SC relatives described their relationships as strong and as a constant source of emotional support.
About half of the index YBMSM chose a friend as their study SC (n = 22). SC friends had a 57.1% booster completion rate and it was common for phone numbers to change, for cell phones to be disconnected, and for SCs to move. In fact, seven of the SC friends moved out of Chicago or out of state, though these moves did not always negatively affect the dyadic relationship. SC friends tended to belong to a similar peer group, including many young Black women or YBMSM living on the South Side of Chicago. Many of the index YBMSM chose SC friends who were also living with HIV. Both index YBMSM and SC friends living with HIV spoke about the importance of mutual understanding, informational support, and being able to remind one another about taking medications or attending appointments.
Of these 22 SC friends, seven were dropped from the study by the index YBMSM. In two cases, boundaries between friendship and romance were blurred and consequently, index YBMSM ended the SC's involvement in the study. In another instance, the SC decided they just did not want to be in the study anymore, though the dyad's relationship remained supportive. In the remaining four cases, the index YBMSM and the SC had a falling out and the index YBMSM requested that the SC friend no longer be a part of the study.
Four of the index YBMSM included their romantic partners as SCs in the study. Booster calls to the SC partners had a 60% completion rate. Though these relationships were initially characterized by stability and closeness, three of these dyads later noted concerns around trust and monogamy. Still, index YBMSM and SC continued to reference their relationship as a source of emotional support and none of the index YBMSM chose to remove their partner SC from the study. At the 12-month follow-up, when asked about his relationship with his SC romantic partner, one participant reported that he had broken up with this partner.
Among the other SCs selected (n = 3), there was one social service staff member, one pastor, and one father figure. These relationships were supportive and stable, though as community leaders, these SCs were often busy supporting others. These SCs may have been difficult to engage for both the index YBMSM and for nGage study staff, as evidenced by the low booster completion rate of 33.3%. Table 3 presents the univariate and multivariate results for the primary outcome of retention in care. Multivariate analyses examining differences in retention in care indicated that index YBMSM randomly assigned to the intervention condition had significantly better outcomes. Specifically, in multivariate logistic regression, index YBMSM who received the intervention were 3.01 times more likely to have had at least 3 HIV primary care visits in the previous 12 months (95% CI 1.05-8.69, p = 0.04). GEE analyses examining self-reported ARV adherence also indicated that intervention participants were 2.91 times more likely to report ≥ 90% medication adherence (95% CI 1.10-7.71; p = 0.031) than were control participants who received TAU (data not shown). There were no differences in VL between groups at 12 months (AOR = 0.49, 95% CI 0.16-1.55; p = 0.23; data not shown). [54, 55] . Adherence to primary HIV care and ARVs is critical for supporting the health and wellbeing of YBMSM living with HIV and for limiting the likelihood of onward transmission. Interventions to improve these two outcomes in the HIV care continuum for YBMSM are limited and have tended to rely on providing YBMSM with external resources and social support via case managers and peers [13] [14] [15] [16] [17] [18] [19] .
In contrast, we developed a social support intervention that identifies and leverages naturally existing supportive relationships in the lives of YBMSM living with HIV as a mechanism to improve adherence to HIV primary care and ARVs among YBMSM [12] . Results from our pilot efficacy study suggest that such an approach is not only feasible, but is associated with significantly better retention in HIV primary care and ARV adherence relative to YBMSM who received TAU. There were several other notable findings from this work. First, both treatment and control conditions had relatively high rates of retention, ARV adherence, and viral suppression at baseline. This was not by design, and likely reflects a combination of the excellent care already being provided at the partnering FQHCs, as well as what a clinic-based sample looks like compared to a community-based sample. High baseline retention in care was the other main variable predictive of successful retention in care across the entire sample over time, and was adjusted for in the final analysis. Notably, the nGage intervention was potent enough to result in even higher rates of retention despite high baseline retention in care. In addition, age was a predictor of retention in univariate analysis with younger BMSM having worse retention. This finding is consistent with other work and has been well-described in the literature [56, 57] . Although age was marginally significant in the multivariate analysis, retaining younger MSM in care remains an important priority. Indeed, studies have emphasized the need for youth-friendly structures for retaining younger MSM in clinical care [58] .
An early concern in the development of Project nGage was whether participants would have enough SCs in their networks and if SCs could be sufficiently engaged in care. Both of these concerns proved to be moot. For example, concerns over whether SCs could be identified were unfounded, as less than 2% of participants were unable to identify an SC. We attribute the success of the SC selection procedure, in part, to the process of network visualization and the value of reflection in bolstering beneficial support networks [59, 60] . By starting with a blank table, the Index was given opportunity to conceive of all possible SC options. Following this, the systematic evaluation of network members allowed the Index to compare potential SCs and think critically about the characteristics of an effective support system. Additionally, concerns over the potential for abuse, disclosure, or conflict impacting the intervention were not observed or associated with retention in care in the sample. However, we did find that the majority of intervention participants whose SC dropped from the study had included a friend or roommate, as opposed to a family member. While research has documented that shifts in friendship and sex partner statuses are frequent among YBMSM [61] , it was unknown if these relationships were also romantic or sexual. Future research is needed to better understand the potential role of partners in impacting continuums of care, including the PrEP continuum, particularly as they may have a vested interest in the success of their partner.
Network interventions, such as Project nGage, are increasingly recognized as effective approaches to improving behavior change at the individual, group, or larger network levels [62] . To date, five network intervention typologies have been described in the extant literature [63] . The first and most widely used type of network intervention identifies individuals in key network positions who can wield influence on other network members [64, 65] . In such interventions, peer change agents are identified and can work at larger community levels [66] , or in a personalized intervention approach, as in Project nGage. The strength of this approach is that network members can assist in behavior change of individuals, and may thus undergo change themselves [67] . Multiple individuals changing at the same time can create an environment where social norms begin to change, allowing for diffusion of innovation to be most successful and thus making interventions more impactful at the group or network level [68] . Although we did not examine behavior change among SCs, future research should examine the extent to which Project nGage and similar interventions may impact the health and well-being of SCs connected to YBMSM living with HIV.
Conclusions
Although the results of the Project nGage intervention are promising, the findings should be interpreted in the context of the study limitations. First, the clinic-based sample of YBMSM was recruited via convenience methods from FQHCs and study findings may not generalize to other settings or populations living with HIV. In addition, retention was based on 12 months of follow-up; as such, longer-term durability and impact on newly infected persons is unclear. The present study also did not assess which components of the Project nGage intervention were responsible for improved outcomes among YBMSM randomized to the experimental arm. Future research with a larger sample size is needed to identify the key mediators of intervention effectiveness, which will be important for implementing the intervention in other real world settings. Despite these limitations, the present study is among the first to examine a social network support intervention designed to improve retention in care and ARV adherence among YBMSM living with HIV, who continue to have a higher incidence of HIV and poorer outcomes along the HIV care continuum relative to their peers from other ethno-racial groups. The dearth of interventions specifically designed to retain YBMSM living with HIV in care thus represents a significant gap in current public health efforts to stem the epidemic. This study addresses this gap by focusing exclusively on YBMSM and documenting that identifying, engaging, and bringing supportive network members into care may improve HIV Continuum Care outcomes among YBMSM, a vulnerable and underserved population.
